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We present ASCA results on the distributions of metallicity and temperature in 3 bright near-by clusters:
A4059, MKW 3s and 2A 0335+096. A signicant gradient in the metal abundance is detected in A4059,
while other clusters suggest similar gradients with low signicance. These features together with recent
results on AWM 7 and Perseus clusters suggest that metals injected in the ICM are not eectively mixed in
the cluster space. Analysis of the GIS data, without explicitly including the cooling flow model, shows no
substantial temperature drop at large radii (at half the virial radii) for the 3 systems. This is contrary to
the recent results for 30 clusters by Markevitch et al. (1998) who assume rather strong cooling flows. The
gas mass fraction of these clusters are 10{15% within 1 Mpc, which suggests that baryonic fraction of about
20% including the stellar mass is a common level in galaxy groups and clusters.
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Introduction
Metallicity and temperature distributions in the hot intracluster medium (ICM) in clusters of galaxies
provide important information about the history of cluster evolution and galaxy formation. The heating
of ICM is supposed to occur via gravitational energy release, compression, and mergers over cosmological
time scale. Therefore, temperature distribution reflects various physical conditions in the ICM (strength of
shocks, thermal conductivity, magnetic eld etc.) as well as cosmological parameters. Recent observations, in
particular from ASCA (Tanaka et al. 1994), show non-radial and radial temperature structures in a number
of clusters. Among them, Markevitch et al. (1998) report that, when the radius is scaled by the virial radius,
the observed 30 clusters reveal a very similar temperature prole.
Metals in the ICM are thought to be injected from individual galaxies. Proportionality between the
mass of Fe in the ICM and the total stellar mass in early-type galaxies provides a strong support to this
view (Tsuru 1992; Arnaud et al. 1992). However, it is still unclear how metals have been injected into the
cluster space. One scenario predicts fast enrichment through galactic winds in the galaxy formation period,
and the other important process is a ram-pressure stripping of the galaxy gas over a long time scale. Correct
determinations of the total amount of metals and its spatial distribution in relation to those of galaxies and
dark matter are useful in determining the scenario of metal injection, which leads to an understanding of
the process of chemical evolution of galaxies.
This paper reports ASCA results on metallicity and temperature distributions in 3 cD clusters: A4059,
MKW 3s and 2A 0335+096. These clusters are located at a distance of z = 0.035− 0.049 and t in the eld
of view of the GIS. Their temperatures are lower than 4 keV, therefore strong Fe emission line is expected.
A4059 is associated with a radio source PKS 2354-35 as a cD galaxy (Schwartz et al. 1991) at z = 0.0487,
showing an average ICM temperature kT  3.5 keV (David et al. 1993). ROSAT (Tru¨mper 1983) has carried
out detailed observations of this cluster with PSPC and HRI (Huang and Sarazin 1998). Although the HRI
surface brightness prole indicates a strong cooling flow with _M  184M yr−1, the PSPC does not show the
spectral signature of the cooling flow with _M < 80M yr−1. The implied _M is also dierent from the PSPC
deprojection results of _M  115M yr−1 by Allen and Fabian (1997). Temperature structure is derived by
Markevitch et al. (1998) based on the analysis assuming a strong cooling flow. Preliminary ASCA results on
this cluster are given in Ohashi (1995), in which treatment of the energy dependent point-spread function
(PSF) is somewhat premature.
MKW 3s is a poor cluster at z = 0.045 with an average temperature kT  3.7 keV (David et al. 1993).
Deprojection analysis of ROSAT PSPC data shows a cooling flow rate of _M  161M yr−1 (Allen and
Fabian 1997). Markevitch et al. (1998) report a possible temperature decline with radius based on ASCA
data. 2A 0335+096 is also a strong cooling flow cluster at z = 0.035 and kT  3.0 keV (David et al. 1993).
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Irwin and Sarazin (1995) report that the cooling flow rate takes a peak of _M = 400 M yr−1 at r = 60 kpc
and remains the same at larger radius. An extra absorbing matter associated with the cluster is signicantly
seen inside a radius of 500 kpc. Sarazin et al. (1995) reports high-resolution radio structures in the cluster
core.
These clusters are thought to be relaxed systems from their smooth morphology and are useful in nding
common properties of the ICM in low temperature clusters. The circular structure enables a simple analysis
for the proles, and the handling of stray light and energy-dependent PSF of the ASCA X-ray telescope
(XRT) is relatively easy. We investigate distributions of metallicity and temperature in the three clusters
of galaxies by taking into account the complex properties of the XRT. We assume H0 = 50 km s−1 Mpc−1
and q0 = 0.5 throughout the paper, therefore an angular separation of 10 corresponds to 78 kpc in A4059,
76 kpc in MKW 3s and 59 kpc in 2A 0335+096. The 1 solar number abundance of Fe relative to H is taken
as 4.68 10−5 (Anders & Grevesse 1989).
ASCA Observations and Data Reduction
Table 1 shows the log of ASCA observations. We select the GIS data with a cut-o rigidity > 8 GeV
c−1 and the telescope elevation angle from the Earth rim > 5 (see Ohashi et al. 1996 and Makishima et
al. 1996 for the details of the GIS system). Flare-like events due to the background fluctuation and data
taken with unstable attitude are discarded (Ikebe 1995). The non X-ray and the diuse X-ray background
is estimated from the archival data taken during 1993{1994 (Ikebe 1995). Since all targets were observed
during 1993{1994, the slow increase of the non X-ray background of the GIS by  5% yr−1 (Ishisaki et al.
1997, ASCA News No. 4, 26) can be neglected.
Since the X-ray surface brightness of the 3 clusters drops below 50% of the background at 200 radius
from the center, the stray light, which are X-rays coming from outside of the eld of view, can be ignored.
This paper mainly presents GIS results, since it covers the larger region (r > 1 Mpc from the center) and
its detector response has less systematic errors than the SIS system.
Radial Prole
ROSAT PSPC Data
The PSF of the ASCA XRT has a half-power diameter of about 30 (Serlemitsos et al. 1995), which is
insucient to resolve the intense central peaks (less than  10 which corresponds to 70{80 kpc) in these
clusters. This situation is similar to that we found in Hydra-A cluster (Ikebe et al. 1997). We, therefore,
use the ROSAT PSPC image as the model of the surface brightness prole as has been done in Markevitch
et al. (1996) and in Ikebe et al. (1997).
The ROSAT PSPC observed A4059, MKW 3s, and 2A 0335+096 on November 21 in 1991, August 15
in 1992, and February 25 in 1991, respectively. We obtained the processed PSPC data from the archival
database provided by the ROSAT Scientic Data Center at Max Planck Institut fu¨r Extraterrestrische Physik.
We exclude contaminating sources in the PSPC data, and correct for the vignetting using EXSAS software
package (Zimmermann et al. 1991, EXSAS User’s Guide). Figure 1(a), (b) and (c) show the PSPC image of
3 clusters. Assuming the axial symmetry, we t the radial brightness proles with a single β model and a
constant background, but the model fails to represent the steep prole within r10. Therefore we t the data
with a double β model represented by, equation I(r) = I1
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